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Portland cement production is
energy intensive but the
intensity can be reduced by:

Reducing the amount of clinker in
cement without compromising

the fresh and hardened |
properties of concrete '
Maintaining required

performance and potential ‘ J A
durability of a reduced energy .‘i/ ’

cement for the intended purpose

A complex material in which two
or more distinct, structurally
. . complementary substances,
Limestone = Calcium Carbonate combine to produce structural or
(CaCO,) functional properties not present in

any individual component.
Cement manufacturers need CaO

Therefore: through heat exchange -> Mathematics The application of

one function to another. For
CaCO; + Heat -> CaO + CO, example, if (x) = x2 and g;x) =y +

1
then the composite (g(x)) = (x + 1)
and the composite g((x)) = x2 + 1.

Clinker + gypsum + H,O — CSH + Ca(OH), + other Now: |P(XX) In the posT P

hydrates

Fly ash, slag, pozzolan + Ca(OH), > CSH . IS (xx) In the past: 1(SM) & IS
: | el T IL(xx)

Where (xx) is the target value of slag,
pozzolan, limestone

Example: Type IL(10) = 10% limestone

content of C;A of the cement Limestone content 5% to 15%

Lower C;A and lower Ca(OH), = higher
durability
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Where A and B are SCM types and X and Y
are amounts

S=slag or P=pozzolan
Primary (highest content) SCM listed first

If X=Y requirements of Type IT(P>S) apply
(Type IP)

Example: Type IT(S25)(P15) contains
25% slag and 15% pozzolan

= 5 Differenf mixes for
MIC addition on site different op;)h'coﬁons/
Gives flexibility requirements
Might lead to savings
Optimization of parhde size
distribution and chemical Best reactivity not
com%osmon of the sysfem not achieved
| Possibly lower early
strength and higher

Need of addifional silos,
handling equipment
conveyors for example]
eed of relatively big mixers
able to take 2 bags [one of
cement; one o
Otherwise bags must be split.
Quality control must be
ngorous
Performance tests (e.g.

water demand
CAPEX

Investment in staff and

equipment

Mlsiukes (overdosing of
C, forex.) onl

detected dffer Zoncrete
placed. Difficult to

durabllny test hovel-, to be remediafe
mix

done for eacl

Comparison of cements produced by
intergrinding with site blends with 50% of
slag in South Africa (Addis 1986)

When compared to “composite
concrete”, composite cement had:

Shorter setting times

No significant differences in
placeability, but easier o vibrate
Higher compressive strength

Compressive strength, MPa

Porand cement
Slag blended cement
Site biend containing 50% siag
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Composite cement
Intergrinding or blending at
cement plant Betfter homogeneity
Optimized particle size
distribution of constituents Reactivity of the system
Optimized chemical is enhanced
composition of the system Improvement of:
(clinker composition, use of Iyt
chemical im_pr_ove_rs, CKD, Svcé:tlé:l;z’;?;:d
gypsum optimization, etc) (IGwet)

Better resources in terms of
staff and equipment
Quality control able fo

detect problems before
the cement is used

Better quality control

HGRS _Title 11813

In a composite cement fly ash is activated by intergrinding,
increasing the performance of the product (agglomerates
are broken). According fo Monk (1983):
The strength of the interground cement was 10% higher at
all ages
In general, for a constant slump, the water demand of
concrete prepared with fly ash cement was lower than of
concrete with added fly ash
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IS(20) was used on the prestressed panels of this 1.1
Due to LEED million cubic foot warehouse west of Charleston, SC
requirements producer
needed a product that
contained SCMs and
would not impede the
release times of the
prestressed panels.

1S(20) that was on this
project was an
interground material.

During the duration of this project, producer
also constructed AASHTO girders, hollow core
d%cké and barrier rail for both SCDOT and
NCDOT.

Ofther users in the Carolinas use the 1S(20) in
applications such as:

high strength military vaults where the required
strength is 10,000 psi

Above and below ground precast storage tanks
As well as a multitude of drainage items

Portland cement clinker that is
interground with 5% to 15%
limestone
Designed fo perform equivalent to or
Sustainable improved over the predominant
Reliable ; cement available
Versatile 4 Reduced CO2 emissions...
= less direct release of CO2 from
clinker production
research on Life Cycle Inventory
indicates reduced overall energy
to produce over predominant
cement




In 2011, ASTM developed a provision for having
a portland cement that contained 5% to 15%
limestone which would adhere to ASTM C595
[Standard Specification for Blended Hydraulic
Cements] . AASHTO recognition of PLC was
also aligned with ASTM in the August 2012 print
in AASHTO M240.

Forland cemert
=Forland-imestons cement
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Figure 1.2 Specific CO, emissions from the production of portland cement or portland-limestone
cement for 3 German cement plants (adapted from Schmidt 1992).

Limestone acts as filler? - The fine particles:
Improve packing, leading to denser paste
Optimize water demand S
Reduce bleeding \

Limestone is not completely ine
It reacts with C;A from the
clinker and produces
monocarbonaluminate
Because it reacts with
C;A, limestone decreases
gypsum requirements

CaCQ; crystal in a 1-d cement
paste

Currently the most commonly used
cement in Europe
Decades of use
Up to 20 percent limestone allowed in
EN197-1 CEM II/A and 35 percent in CEM
I1/B
Allowed in Canada since 2008
Up to 15 percent limestone
ASTM C595 and AASHTO M 240
adopted Portland Limestone Cement
classification 2012

8CEMV - Composite Cem & others
m B H loo] @ DCEM IV - Pozzolanic
B CEM I - Blast fumace slag
BICEM I - Portiand-composite
B CEM I - Portand-lmestone
BCEM I - Portland-fly ash
DICEM I - Portand-pozzolana
BCEM I - Portland-slag
| CEM - Portand

PLC is the second
most used cement
in Europe!
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Lab Data Summary

Mix Code

n Tyrone Coarsel
Brown Brothers Sand|
Design Air (%)
Design Water (Ibs)
Total wt

Design (W/Cm)

Euclid A+ (oziowt)

mud\d AEA 925 (ozlyard)

NC28D

NCIDIL

Cement Company "A"

2 3 4 5 6 7
oaitaitz | oz | otz | osrairz | oeraiz | osnanz
csosit
C150M35| M240 | G150 M85 |CSSSILM240| G150 MBS | CS9SiL M240| G150 MBS |CSOSIL 20
Fash Fash Casn n | coa GBS
o 458 458 458 458
153 153
153 153
Lot | e e | en e e |
1851 | 151 1851 1851 1851 @51
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4.0% 4.0% 4.0% 4.0% 4.0% 4.0%

306 2% 2% 2% 29 200
ag64 3864 3870
| 0sot | 0ars | oars | oars | _oars | ours
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- C150/C595IL

CMTB C150 M8

CMT B C595IL M240

Age (days)

Overall Performance

€150 / €595IL five different Cement Suppliers

30
Age (days)

CaCO3 in Limestone (Purty)”
Limestone In Cement

Cement "B" - F ash

Age (days)
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Cement "B" - Slag

Age (days) Age (days)

Test Results - ASTM C 157
Length Change of Hardened Concrete
‘Summary for 500 Ib Concrete Mixes

Georgia PCA Group Rapid Chloride lon Permeability Testing (ASTM 1202)
e L o L omette I i
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Holly Hill Type 1157 ~ 500-Ib Mix

Holly Hill Type I/l ~ 500-Ib Mix
ASTM C 167 Drying Shrinkage

ASTM C 157 Drying Shrinkage
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Holly Hill Type 1157 ~ 564-1b Mix
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ASTM C 1012 Length Change of Hydraulic-Cement Mortars Exposed to a Sulfate Solution
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Material Tested: HH 1157 Cement

180 day MS expansion limit® o

180 day HS expansion limit

0 50 100 150 200 250 300 350 400 450 500 550
Days of Conditioning

ASTM C 1012 Length Change of Hydraulic-Cement Mortars Exposed to a Sulfate Solution
Material Tested: HH 1157 Cement Using 25% SEFA Wateree FA Replacement By Mass of Cement

0.30

Average Length Expansion, %

180 day MS expansion limit®

180 day HS expansion limit®

0 50 100 150 200 250 300 350 400 450 500 550
Days of Conditioning
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ASTM C 1012 Length Change of Hydraulic-Cement Mortars Exposed to a Sulfate Solution

Average Length Expansion, %

Material Tested: HHTII Cement

180 day MS expansion fimit®

?QAM 180 day HS expansion fimit®

50 100 150 200 250 300 350 400 450 500 550
Days of Conditioning

ASTM C 1012 Length Change of Hydraulic-Cement Mortars Exposed to a Sulfate Solution
Material Tested: HH 1157 Cement Using 20% SEFA Wateree FA Replacement By Mass of Cement

Average Length Expansion, %
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180 day MS expansion limit®

180 day HS expansion limit®
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Days of Conditioning

ASTM C 1567 Length Change Due to Alkali-Silica Expansion Testing

oarse Aggregate Identified as Vulcan/Gold Hill Quarry

Fora
and the Submitted HH 1157 Cement with 20% SEFA Wateree Class F Fly Ash

Average Length Expansion, %

Replacement by Weight of Cementitious Materials

Throshold Indicative of innacucus Bohavior

4 - U -
Days immersed in NaOH Solution



Sample No.
Client ID)

HH 1157 Cement
Sample A

HH 1157 Cement
Sample B

Sample

RAPID CHLORIDE PERMEABILITY RESULTS
ASTM C 1202 (AASHTO T 277)

HH 1157 Cement ~ 564-1b Mix

Charge Passed
Test Date (Coulombs)

Relative
Chloride Permeability

Moderate

Moderate

Test Results’ of ASTM C 666 - Procedure A
Freezing and Thawing of Concrete Specimens* in Water

Freeze-Thaw  Length Mass Relative Dynamic

Identification Oycles Change, % Change, % Modulus, %

HHTII Cement

0 0.000 0.00 100
36 0.009 0.07 98
67 0.012 0.08 97
a3 0.016 0.07 97

124 0.005 0.04 97

139 0.017 0.01 96
0.010 0.12 96
0.016 0.18 97

245 0.012 0.18 98

276 0.015 022

303 0.017 0.27

T Values are the average of three specimens.
* Samples fabricated at CTLGroup based on mix designs provided by client.

Test Results - ASTM C 672
Scaling Resistance of Concrete Surface Exposed to Deicing Chemicals
‘Summary of Cumulative Mass Loss Versus Cycles
for 500 Ib Concrete Mixes

Cumulative Mass Loss Versus Cycles

5

Cumlative Mass Loss, IbiR2
S

2

Cycles

—O—HH 157 Cemert
—B—HH T Coment

—8—HH 1157w 25% SEFA Wateree Ciass F Fly s

RAPID CHLORIDE PERMEABILITY RESULTS
ASTM C 1202 (AASHTO T 277)

HH 1157 Cement with 20% SEFA Wateree Class F Fly Ash ~ 564-Ib Mix

Sample No. Charge Passed Relative

Client ID Test Date Coulombs) Chloride Permeability

HH 1157 Cement

w 20% SEFA
Wateree Class F FA
Sample A

HH 1157 Cement

w 20% SEFA
Wateree Class F FA
Sample B

Test Results' of ASTM C 666 - Procedure A
Freezing and Thawing of Concrete Specimens* in Water

FreezeThaw  Length Mass Relative Dynamic
Cycles Change, % ___Change, % Modulus, %

0 0,000 0.00 100

36 0.002 0.07 %
67 0.006 014
<) 0.016 0.09
HH 1157 124 0.005 0.09
Cement 139 0.019 0.02
170 0.015 015
206 0014 019
245 0.014 025
276 0.015 034
303 0.011 041

T Values are the average of three specimens.
+ Samples fabricated at CTLGroup based on mix designs provided by client.

perform equivalent to or improved over

OPC in strength and durability
lower environmental impact

performs equally with fly ashes and slag

cements

11/8/13



11/8/13




